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AInappropriate therapy by implantable cardioverter-defibril-
ators (ICDs) remains a problem in a significant number of
atients.1 In this article, we present a case of ischemic cardio-
yopathy and ICD implantation with triple counting of the
entricular electrograms as a cause of inappropriate therapy.
ase report
47-year-old man with ischemic cardiomyopathy, severe
eft ventricular (LV) dysfunction (ejection fraction  20%),
nd nonsustained ventricular tachycardia (VT) in Holter
onitoring presented with frequent episodes of palpitations
nd dizziness. The ECG at that time showed sinus rhythm
ith a QRS width of 120 ms. During electrophysiologic
tudy, a hypotensive monomorphic VT with left bundle
ranch block pattern and superior axis was induced.
Because of well-controlled heart failure and reproducibly
nducible sustained monomorphic VT (SMMVT), a dual-
hamber St. Jude EPIC-DR V-236 ICD (St. Paul, MN) with
ual-coil ventricular lead (Riata 1571, St. Jude Inc.) was
mplanted. All implant parameters were adequate, with an
-wave amplitude of 12 mv and no evidence of double
ounting, T-wave oversensing, or far-field atrial sensing
Figure 1). The device was set to the VVI pacing with a rate
f 50 beats/minute, and three tachyarrhythmia detection
ones according to the PainFREE Rx II trial2 were pro-
rammed; detection in the ventricular fibrillation (VF) zone
equired that 18 of the last 24 R-R intervals had a cycle
ength 320 ms. When any one of the final eight R-R
EYWORDS Implantable cardioverter-defibrillator; Triple counting; Inap-
ropriate therapy (Heart Rhythm 2005;2:1253–1255)
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547-5271/$ -see front matter © 2005 Heart Rhythm Society. All rights reservedntervals preceding the moment of detection was 240 ms,
he episode was classified as VF. When all of the last eight
-R intervals were 240 ms, the episode was detected as
ast VT (FVT). A VT zone with a cycle length of 320 to
400 ms was programmed in all patients.
During the next 5 months he was symptom-free and ICD
nterrogation revealed no events. One week before admis-
ion, he experienced exacerbation of dyspnea and eventu-
lly presented to the emergency room with pulmonary
dema. Because of the decreased level of consciousness, the
atient was intubated and mechanically ventilated. The pre-
enting rhythm was sinus with a QRS width of 140 ms
Figure 2A) with no new ST-T changes. Two hours after
dmission, the rhythm changed to a wide complex tachy-
ardia (QRS width 260 ms) with a cycle length of 560 ms
Figure 2B) that resulted in the delivery of two ICD shocks.
nterrogation of the device revealed the problem. During
low VT, triple and double counting of each wide ventric-
lar electrogram (width 250–440 ms) resulted in inappro-
riate delivery of high-voltage therapy (830 V) for VTs,
ith cycle lengths well below that of ICD detection zone
Figure 3). After successful cardioversion, double counting
ontinued intermittently but did not result in ICD therapy.
Results of admission blood tests (including serum elec-
rolyte and cardiac marker levels) were unremarkable, and
hest radiography displayed normal positioning of atrial and
entricular leads.
After careful consideration of all options, it was decided
o upgrade the device to a biventricular ICD to achieve
emodynamic benefit and constant ventricular pacing and to
blate VT focus to reduce ICD therapy. Unfortunately, the
atient could not be stabilized and died in pump failure 2
ays after admission.
iscussion
ccurate sensing of ventricular tachyarrhythmia is an im-
ortant aspect of the ICD function. Oversensing of cardiac
. doi:10.1016/j.hrthm.2005.08.004
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1254 Heart Rhythm, Vol 2, No 11, November 2005r extracardiac signals can be interpreted as arrhythmia in
any patients. However, ventricular oversensing occurs in
p to 25% of patients with a dual-chamber ICD.3 Integrated
ipolar lead systems are more likely to be affected by
entricular oversensing than are dedicated bipolar elec-
rodes.3 T-wave oversensing, respirophasic ventricular
versensing, and P-wave oversensing are the most common
itfalls of ventricular sensing.3 Double counting of a far-
eld atrial and near-field ventricular signal or triple count-
igure 1 Stored electrograms recorded at the time of ICD impla
atrial electrogram; VEGM  ventricular electrogram.
igure 2 A, Admission surface ECG showing sinus rhythm with
onspecific bundle branch block (QRS width  140 ms) and PR
nterval of 230 ms. B, Slow VT at rate of 115 beats/minute with
ight bundle branch block morphology (QRS width 260 ms) andduperior axis.ng of a far-field atrial signal, together with double counting
f the QRS complex, can cause inappropriate discharge of a
iventricular ICD.4,5 To the best of our knowledge, this is
he first report of triple counting of each ventricular elec-
rogram during slow VT resulting in misinterpretation of the
rrhythmia as VF and delivery of high-energy shocks.
In our case, the VT cycle length was 560 ms and it was
elow the tachycardia detection zone of400 ms (probably
ecause of amiodarone administration). According to the
evice detection criteria, no therapy was indicated, but the
xtremely wide QRS complex caused double and triple
ounting of each ventricular electrogram and therapy was
ecessary. This phenomenon could be troublesome as the
low VT will be detected in the VF zone because of multiple
ounting and the patient will be subjected to higher-energy
hocks rather than antitachycardia pacing (ATP).
To avoid multiple counting of ventricular electrograms,
e considered the following options: (1) reprogramming the
CD to lower sensitivities, (2) prolonging postsense refrac-
ory periods or decay delay, (3) reprogramming the “brady”
etting to a more rapid lower rate limit and short AV delays,
4) changing the detection counts, (5) repositioning the RV
ead to obtain a narrower electrogram, and (6) upgrading the
evice to a biventricular ICD. As the maximum program-
able value for the postsense refractory period is 157 ms in
uch a device, a ventricular electrogram (250–440 ms)
ider than this value would result in continued multiple
ounting. In a similar vein, reprogramming of postsensed
during sinus rhythm and induced ventricular fibrillation. AEGMntationecay delay to a longer value would only be useful if the
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1255Alasti et al Triple Counting–Induced Inappropriate ICD Therapyecond electrogram were smaller than the first. Therefore,
uch adjustments would not be adequate to eliminate the
roblem. The same is true for adjusting the ICD sensitivity
o a lower value because such devices provide automatic
ensitivity control of the signal to avoid missing variations
n the amplitude of VF waves.
Although simply reprogramming the “brady” setting to a
ore rapid lower rate and short AV delays could be effec-
ive temporarily, increasing the percentage of ventricular
acing would be detrimental hemodynamically. Likewise,
nother option to prevent ICD discharge for triple counting
ould have been to change the detection counts, that is, to
ncrease the number of successive counts before the ICD
as triggered to call the arrhythmia VF. This could have
een more effective if it had been coupled with program-
ing the maximum allowable postsense refractory period,
hich may have converted triple counting to double count-
ng so that the rhythm may have been categorized as VT
nstead of VF, for which ATP therapy instead of shock
ould have been programmed. An additional option would
e to reposition the ventricular lead for obtaining a narrower
entricular electrogram.6 Although changing the lead posi-
ion could not eliminate the problem, the narrower intracar-
iac signal would be effective in increasing the efficacy of
prolonged postsense refractory period in reducing multiple
ounting. After carefully weighing all options, it was de-
ided to upgrade the device to a biventricular ICD to
chieve both a hemodynamic benefit and constant ventric-
lar pacing with a single electrogram. VT ablation could
ave been very effective in reducing both appropriate ICD
igure 3 Stored electrograms of atrial (AEGM) and ventricula
ength of 560 ms. After the first beat, initially double counting and t
one and triggered the delivery of a high-energy shock (830 V) iherapy and inappropriate high-voltage therapy for slow VTnstead of ATP. The last two options might have been
uccessful if the patient could have been stabilized.
This report indicates that ICD therapy is not necessarily
ppropriate in every episode of clinical VT and underscores
he importance of careful review of stored ICD electrograms
n every case of ICD discharge.
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